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ABSTRACT 


Cytological evidence of introgression in the classical sense of Anderson (1949) and 
Stebbins (1950) has been presented for the sibling species Drosophila metzii and Drosophila 
pellewae in a population of the Isthmus of Darien, Panama. Salivary chromosome karyotypes 
of hybrids between the two species show multiple translocations involving the four large 
autosomes. A strain of D. metzii collected from a mixed population of the two species 
near E] Real, Darien, Panama, displays both heterozygous and homozygous translocation figures 
and regions of asynapsis in salivary chromosomes of third instar larvae. A heterozygous 
translocation figure is seen in some salivary gland cells of larvae of the Darien strain of 
D. pellewae. Observations of variations in length of chromosomes in different individuals of 
the Darien D. metzii strain suggest restructuring arising presumably from crossing over in 
progenitors heterozygous for multiple translocations. 


The requirements necessary for introgressive hybridization outlined by Ander- 
son (1949) and Stebbins (1950: 251-297) are fulfilled by the relationship between 
the sibling species Drosophila metzii and Drosophila pellewae. Each species 
has a characteristic range with a region of overlap in the Isthmus of Darien. 
Drosophila pellewae has been collected from Barro Colorado Island, Canal 
Zone, where it is extremely rare, to Rio Raposo, Colombia, where it is moderately 
common (Pipkin & Heed, 1964). In the north, D. metzii has been collected 
at Sonte Comapun (near Vera Cruz, Mexico) by Fabergé (personal communi- 
cation), at Turrialba, Costa Rica (Pipkin, 1965), and San Salvador, El Salvador 
(Heed & Wheeler, 1957), and to the south as far as Santa Marta on the northern 
coast of Colombia (Heed, personal communication). Mixed populations of 
these siblings occur in forests, feeding over the same fallen fruit or flowers. 
Pipkin (1968a) has presented evidence that the species do cross in nature 
and that a specific character, white carina color, has been transferred from D. metzii 
into populations of D. pellewae, where an obscure carina color polymorphism 
is seen both in the Darien and Rio Raposo populations. Although 280 individuals 
consisting of 60% D. pellewae, 40% D. metzii were collected from a single 
unusually large population in the Darien in 1961, gene exchange between the 
two species is greatly reduced, owing partly to translocations involving the 
four major autosomes (Pipkin, 1968a). A primitive karyotype consisting of 
five pairs of rod-shaped and one pair of dot-shaped chromosomes, characterizes 
both species according to analysis of larval ganglionic cells of strains originating 
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Ficure 1. Photograph of salivary chromosomes of Drosophila metzii/D. pellewae hybrid. 





— A. Upper half of cell 1. B. Lower half of cell 1. — One of the paired homologs 
of the distal end of chromosome 5 in Fig. 1B is joined to the unpaired homolog of another 


chromosome. Homologs of chromosome 4 are largely unpaired. The hybrid is heterozygous 
tor a large paracentric inversion in chromosome 3. 


outside the region of overlap (Pipkin & Heed, 1964). Salivary chromosome 
maps of nine members of the tripunctata species group, including the Barro 
Colorado Island strain of D. metzii have been made by Kastritsis (1966). The 
present paper will offer cytological evidence of introgression both from pellewae 
into metzii and from metzii into pellewae and evidence from octanol dehydro- 


genase isozyme patterns that the two species have nevertheless remained 
distinct in the Isthmus of Darien, Panama. 
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D. metzii / D. pellewae hybrid 





Ficure 2. Diagram of chromosomes shown in Fig. 1. 


MATERIALS AND METHODS 


A description of the collection localities and numbers of founders of Drosophila pellewae 
from Barro Colorado Island, and Darien, Panama; Rio Raposo (near Buenaventura), 
Colombia; and of the strains of D. metzii from Barro Colorado Island, Darien, and 
Almirante, Panama, and from Trinidad, West Indies, has been given by Pipkin (1968a). 
Temporary aceto-orcein lactic acid smears of third instar larvae were prepared according 
to a modified method of Wasserman (1954) described by Pipkin (1968a). Photographs of 
salivary gland chromosomes were made at varying focal depths using a Zeiss photomicroscope 
with phase contrast lighting at The Johns Hopkins University by Eric Schabtach, now of 
the Department of Biology, The University of Oregon. 


RESULTS 


l. Somatic pairing between homologs of salivary gland chromosomes of D. 
metzii/D. pellewae hybrids. 

Pairing is usually close between homologous chromosomes of salivary gland cells 
of hybrids between Drosophila metzii and D. pellewae, affording an idea of the 
gross differences in banding sequence which distinguish these species. In hybrids 
using any of several strains of each species, complex translocation figures in- 
volving chromosomes 2, 3, 4, and 5 are seen (Pipkin, 1968a). The X chromo- 
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Ficure 3. Photograph of part of cell 2 of a Drosophila metzii/D. pellewae hybrid 
showing at a and b heterozygous overlapping inversions figure in chromosome 4; c and d 
unpaired homolog of chromosome 4; e region of chromosome 4 where homologs are poorly 
paired; f a large heterozygous inversion figure in chromosome 3; g and h a region of poor 
pairing of chromosome 3. 


some and short chromosome 6 are always free from the translocations. Most 
cytological work on species hybrids has been done using offspring of females 
of the Almirante strain of metzii and males of the Barro Colorado Island strain 
of pellewae. Photographs of the two halves of the cell of such a species hybrid 
appear in Figure 1A and B, together with an explanatory diagram of the 
entire cell in Figure 2. The X chromosome is free from the translocations 
involving the autosomes; its banding sequence resembles that of the X chromo- 
some of D. metzii strain of Barro Colorado Island according to the map of 
Kastritsis. The banding sequences of the ends only of autosomes have been 
completely identified; these are indicated in the photographs (Fig. 1A,B) and 
diagram (Fig. 2). Some of the translocation interchanges have been broken in 
the cell shown in Fig. 1A and B, but certain features demonstrate prominent 
differences in banding patterns of the two species. The species hybrid is 
heterozygous for a large paracentric inversion in chromosome 3 which appears 
to be associated with the other chromosomes only at its heterochromatic end. 
Other cells of the same hybrid examined suggest that an interchange connecting 
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Ficure 4. Chromosomes of Drosophila metzii/D. pellewae hybrid. — A. Distal ends of 
paired chromosome 5 homologs, with one end broken during squashing. — B. Poorly paired 
distal tips of chromosome 2 homologs. 


chromosome 3 to the unidentified chromosome loop, which is heavily stippled 
in the diagram of Figure 2, has been broken by squashing the cell. The 
homologs of chromosome 4 are largely unpaired in Figure 1A,B, although at 
least a portion of the banding sequence of the two homologs is homosequential. 
More complete synapsis of the chromosome 4 homologs can be seen in another 
cell (Fig. 3) where an overlapping inversions figure is apparent. Even in the 
cell shown in Figure 3, the homologs of a portion of the distal region of chromo- 
some 4 remain unpaired (indicated on the photograph by arrows at c, d), and 
homologs of the proximal end of this chromosome at e are poorly paired. In 
the metzii/pellewae hybrid of Figure 1B, the distal end of chromosome 5 is 
attached to the proximal part of another chromosome in one of the homologs. 
In another preparation (Fig. 4a) this interchange has been broken by squashing 
so that the distal end of one of the paired chromosome 5 homologs appears 
a little shorter than its partner. In the karyotype of a metzii/pellewae hybrid 
shown in Figure 5, chromosome 2 shows a short heterozygous inversion figure 
marked with an arrow at a and overlapping inversions at b before it enters 
a translocation cross-shaped figure at c. These inversion and translocation 
interchanges have been broken in the cell shown in Figure 1A and in the 
diagram, Figure 2. In hybrids between metzii and pellewae, homologs of the 
distal tip of chromosome 2 are often unpaired or poorly so, as in Figures 1A, 
4B and 5. 


499, ANNALS OF THE MISSOURI BOTANICAL GARDEN [VoL. 59 


“oy N 





Ficure 5. Photograph of part of cell 3 of a Drosophila metzii/D. pellewae hybrid 
showing a short inversion, a, in chromosome 2; b, a heterozygous overlapping inversions 
figure; c, an interchange of a heterozygous translocation figure. 


2. Evidence of transfer of portions of the Drosophila pellewae genome into that 
of D. metzii in the Darien population. 


A number of cells prepared from the Darien strain of Drosophila metzii 
showed six paired homologs of lengths similar to those observed by Kastritsis 
(1966) in the Barro Colorado Island strain of D. metzii, as in the photograph 
(Fig. 6) and diagram (Fig. 7). A large mass of heterochromatin usually 
present at the proximal portion of the X chromosome has broken away in this 
cell. The karyotype of this cell, where the relative lengths of homologs may 
be represented as 2>3~X>4>5>6, is arbitrarily designated as standard. 
Several different heterozygous translocation figures appearing to involve two 
non-homologous chromosomes only have been seen in larvae of the Darien 
strain of metzii. For example, Figure 8 shows a photograph of a cell of a 
larva heterozygous for a translocation involving chromosomes 2 and 4. The 
banding pattern of the portion of the chromosomes outside the region of in- 
versions is closely similar to that of parts of chromosomes 2 and 4 of the D. 
metzii map of Kastritsis (1966). The overlapping inversions observed in the 
metzii/pellewae hybrid of Figure 4 resemble those of Figure 8 and suggest that 
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Ficure 6. Photograph of a cell of an individual of the Darien strain of Drosophila 
metzii with a standard karyotype in which the relative chromosome lengths are 2 > X ~ 


3>4>5. 
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Ficure 7. Diagram of chromosomes shown in Fig. 6. 
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Ficure 8. Photograph of a heterozygous translocation figure taken from an individual 
of the Darien strain of Drosophila metzii. A heterozygous overlapping inversions figure is 
near the interchange of the heterozygous translocation figure. 


a transfer of D. pellewae genome covered by the inversions and adjacent to 
the translocation interchange has entered the gene pool of D. metzii causing a 
polymorphism. The finding in another preparation of one of the homologs 
of the distal portion of chromosome 5 slightly shorter than the other as in the 
metzii/pellewae hybrid of Figure 4a suggests that a translocation involving 
chromosome 5 is still heterozygous in the Darien metzii strain. In two other 
preparations chromosomes 2 and 5 were part of a heterozygous translocation 
figure involving interior regions of both chromosomes, but these cells were 
only sketched and not photographed. A homozygous transposition involving 
chromosomes 2 and 4 has been found in cells of different individuals of the 
Darien strain of D. metzii (Fig. 9A and B, with an explanatory diagram in Fig. 
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FicurE 9. — A. Photograph of a cell of an individual of the Darien strain of Drosophila 
metzii homozygous for a 2,4 transposition with a very long “chromosome 2” and a very 
short “chromosome 4.” — B. The long “chromosome 2” of another cell. 


10). A large segment of the middle part of chromosome 4 has been inserted 
into the middle part of chromosome 2, with the result that the karyotype of an 
individual homozygous for the transposition displays an exceptionally long 
“chromosome 2” and a correspondingly short “chromosome 4.” 
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Ficure 10. Diagram of the cell shown in Fig. 9A. 


Finally introgression of a portion of pellewae genome into that of metzii 
is evidenced by asynapsis of certain of those homologs which failed to pair 
also in the species hybrid. Lack of pairing of the two homologs of the proximal 
part of chromosome 4 of the species hybrid shown in Figure 11A often occurs 
in the same region of this chromosome in the Darien metzii strain (Fig. 11B). 
Failure of pairing of the medial portion of chromosome 4 is seen in the Darien 
metzii strain occasionally (Fig. 11C). The chromosome 4 of Figure 11C is 
distinctly shorter than that of the standard karyotype, indicating restructuring. 
Asynapsis of portions of chromosome 4 in Figure 11A and B is not due to 
rearrangement since the banding patterns are homosequential. Even when 
homologs are paired, the proximal end of chromosome 4 is sometimes ex- 
ceptionally broad, indicating looseness of pairing. The proximal end of the 
paired homologs of chromosome 2 in the Darien metzii strain also is sometimes 
broad (Fig. 11D), or even forked, indicating a slight asynapsis similar to that 
observed in Figures 1A, 4B, and 5 of the metzii/pellewae hybrid. 
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Ficure 11. — A. Asynapsis of the same distal portion of chromosome 4 in a cell of 
a Drosophila metzii/D. pellewae hybrid. — B. Asynapsis of the same distal portion of 
chromosome 4 in a cell of the Darien strain of D. metzii. — C. Asynapsis of the medial 
portion of chromosome 4 in an individual of the Darien strain of D. metzii; here chromosome 
4 is shorter than in the standard karyotype. — D. Broad proximal end of paired homologs of 
chromosome 2 in the Darien strain of D. metzii. 
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FicurE 12, Diagram of chromosome lengths in cells of seven individuals of the Darien 
strain of Drosophila metzii showing relative lengths differing from those of the standard 
karyotype in which 2 > X~3>4>5. The restructuring of chromosomes is hypothesized 
to depend on crossing over in a D. metzii/D, pellewae progenitor which was heterozygous 
for autosomal translocations. 


Further restructuring of chromosomes 2, 3, 4, and 5 of individuals taken 
from the Darien strain of Drosophila metzii is deduced from a comparison of 
lengths of these chromosomes obtained by measuring photographs of the chromo- 
somes taken at similar magnifications, Some variation in such lengths can be 
explained as due to relative stretching of the chromosomes during squashing. 
To avoid this error as much as possible, cells were chosen in which the widths 
of paired chromosomes were similar. Figure 12 shows that except for the 
chromosomes of cell D-C with the homozygous 2,4 transposition, the length 
of chromosome 2 varied little. Variations in chromosomes 4 and 5 appeared 
to be inversely correlated as indicated by a comparison of the sums of the 
lengths of these chromosomes in the respective cells given in Table 1. Variation 
in the length of chromosome 3 suggests that this chromosome also has under- 
gone restructuring. 


TABLE 1. Restructuring of karyotypes suggested by comparison of lengths of respective 
salivary chromosomes of cells of different individuals of the Darien strain of D. metzii. 
Photographs taken at similar magnifications were used for measuring chromosomes in inches. 














Chromo- +4 $844 243 
some(s) 2 3 4 5 X 2+4 +5 +5 F445 
Cell D-A 10.0 10.6 13.3 10.3 — 23.3 33.6 34.2 44.2 
Cell D-B 10.5 — 9.1 — 9.5 19.6 — — == 


Cell D-C 20.0 9.1 3.0 10.5 9.2 23.0 33.5 22.6 42.6 
Cell D-D 10.5 12.0 8.5 11.6 11.3 19.0 30.6 32.1 42.6 
Cell D-E 10.4 13.5 14.1 9.0 — 23.9 32.9 36.6 47.0 
Cell D-F 10.8 — 10.5 — — 21.3 — => == 
Cell D-G 13.8 — 11.3 10.1 9.8 25.1 35.2 = — 
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Ficure 14. Zymograms obtained using agar gel electrophoresis and formazan staining 
of octanol dehydrogenase isoenzyme patterns of single adult females, 4-6 days old, taken 
from the unselected strain of the Darien strain of Drosophila pellewae. 


3. Evidence of transfer of portions of the Drosophila metzii genome into that 
of D. pellewae of the Darien strain. 


Although the salivary chromosomes of Drosophila pellewae are poorer material 
for cytological study than those of D. metzii, a cross-shaped heterozygous 
translocation figure involving chromosomes 2 and 4 (Fig. 13A) has been 
observed in several cells of different preparations. Two complex inversions 
are present at the junction of the translocation interchange shown in the en- 
largement of this region in Fig. 13B. The heterozygous 2,4 translocation 
figure found in D. pellewae (Fig. 13A) shows a general resemblance to that 
of D. metzii (Fig. 8), suggesting that similar portions of chromosomes 2 and 
4 of each foreign species have been introgressed into the respective siblings. 
However, the D. pellewae inversion figure (Fig. 13B) indicates more extensive 
restructuring than in the corresponding part of the D. metzii heterozygous 
inversions near the point of translocation interchange (Fig. 8). No other 


heterozygous translocation figure, or asynapsis, or the large paracentric inversion 
of chromosome 3 has been observed in the Darien pellewae strain. 


4. Evidence that in spite of some gene exchange, the Darien strains of 
Drosophila metzii and D. pellewae have remained distinct species. 


An examination of the octanol dehydrogenase (ODH) isozyme patterns of 
the sympatric Darien strains of Drosophila metzii (Fig. 14) and D. pellewae 
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Ficure 15. Zymograms obtained using agar gel electrophoresis and formazan staining of 
octanol dehydrogenase isozyme patterns of single adult females, 4-6 days old, of the 
unselected Darien strain of Drosophila metzii. 


(Fig. 15) shows striking differences indicating that the genes controlling these 
patterns differ in the two siblings. The genetics of true breeding ODH variants 
isolated from these polymorphic strains has been reported by Pipkin (1968b, 
1969). At least three structural genes coding subunits for the ODH molecule 
have been hypothesized by Pipkin and Bremner (1970). Homozygous variants 
difter in the level of certain ODH isozymes. The zymogram of mass homogenates 
of a strain true breeding for a given ODH pattern shows more isozymes than 
that of a single female of the same strain. However, breeding experiments 
demonstrate that all the ODH isozymes belong to the same enzyme system 
(Pipkin, 1968b, 1969). Homozygous ODH variants differ in genes regulating 
the synthesis of subunits coded by structural genes (or the degradation of 
certain isozymes). Clearly, slowly migrating isozymes can be seen in zymograms 
of some individuals of the Darien pellewae stain (Fig. 14) which cannot be 
detected in members of the Darien metzii strain (Fig. 15). Previous work 
has shown that the slowly migrating isozymes can be detected with formazan 
staining in the Darien metzii strain if mass homogenates are used (Pipkin & 
Bremner, 1970). Sympatric strains of the two sibling species thus differ in 
genes regulating the level of ODH isozymes. 

Drosophila metzii and D. pellewae also differ in sexual isolation both with 
respect to one another and to a third sibling, D. leticiae (Pipkin, 1968a). Polygenes 
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account for differences in sexual isolation between D. persimilis and D. pseudo- 
obscura (Tan, 1946); between strains of D. melanogaster (Mather & Harrison, 
1949; Petit, 1958); between members of the D. paulistorum complex (Ehrman, 
1961); between D. |. lebanonensis and D. l. casteeli (Pipkin, 1963). 

Further evidence that Drosophila pellewae and D. metzii remain distinct in 
the Darien Isthmus is the fact that the species can be separated by a morpho- 
logical character, carina color (Pipkin & Heed, 1964). Males of D. metzii 
have a chalk white carina and face; females, a whitish carina. Males of the 
Barro Colorado Island strain of D. pellewae and females of all strains have a 
brown carina and face. The carina is either brown or whitish in males of the 
Darien pellewae strain. This obscure carina color polymorphism first suggested 
to Pipkin (1968a) that introgression between the two siblings was occurring. 
In laboratory experiments a similar obscure polymorphism was observed in 
progeny of metzii/pellewae female hybrids backcrossed with pellewae males. 
Pipkin (1968a) concluded that dominance modifiers which extend and intensify 
the white area on face and carina of metzii males are not present in D. pellewae. 


DISCUSSION 


Stone (1962) pointed out that restructuring of karyotypes of closely related 
Drosophila species has come about chiefly owing to inversions rather than 
translocations. The latter are strongly selected against because of the deleterious 
effect on viability of aneuploidy found among progeny of an individual hetero- 
zygous for a translocation. Three cases of translocations fixed in species were 
cited by Stone (1962): in D. miranda and D. pseudoobscura (Dobzhansky & 
Tan, 1936), in D. ananassae (Kaufman, 1932; Kikkawai, 1938), and in D. 
tumiditarsus ( Hsiang, 1949). Translocations in the last two species and those 
inferred by Clayton (1969, 1971) among the Hawaiian Drosophilidae have af- 
fected mainly the amount and distribution of heterochromatin. In D. albomicans 
of the nasuta subgroup of the immigrans group, Wilson et al. (1969) described 
a fusion combining three of the five primitive rod-shaped elements characteristic 
of the genus Drosophila into one long chromosome, indicating a result of 
multiple translocations. 

A comparison of the relative lengths of respective salivary chromosomes in 
nine species of the neotropical tripunctata species group, taken from the data 
of Kastritsis (1966) suggests that translocations involving euchromatin have 
played a role in restructuring the karyotypes of members of this group. The 
ends of chromosomes in nine species show similar banding patterns in salivary 
gland chromosomes, but interior parts of chromosomes are highly reorganized 
and cannot be homologized from species to species (Kastritsis, 1966). Measure- 
ments of chromosome maps of Kastritsis show variations in chromosome lengths 
among the species examined. If chromosomes are identified by the terminal 
banding sequences, chromosome 2 is the longest in all species except D. medio- 
punctata where it is equal in length to that of the X chromosome. Either 
chromosome 3 or the X is the second longest in six species, but chromosome 4 
is second longest in three other species. Although chromosome 5 is the shortest 
in five of the nine species, it is third longest in D. mediopictoides. Nearly all 
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of the tripunctata species possess the primitive karyotype of five pairs of rod- 
shaped and one pair of dot-shaped chromosomes, but fusion of chromosomes 
2 and 5 and of chromosomes 3 and 4, respectively, occurs in D. unipunctata 
(Kastritsis, 1966). 

A mechanism whereby a translocation, disadvantageous when heterozygous, 
may be maintained long enough to become homozygous, lies in the selective 
advantage of coadapted polygenic complexes present in the chromosomes in- 
volved in the translocation. The sparse distribution of individual Drosophila 
species in neotropical forests (Pipkin, 1965) must contribute to the isolation 
and thus persistence of populations in which translocations become fixed. 
Isolation by translocation homozygosity could contribute ultimately to a sym- 
patric differentiation of species. The importance of coadapted polygenic com- 
plexes in the maintenance of inversion heterozygosity has been discussed by 
Levitan (1958), Kastritsis (1966), and Carson (1969). The present study on 
Darien populations of D. metzii and D. pellewae suggests that individuals 
homozygous for a transposition arise as recombinants in descendants of a 
metzti/pellewae hybrid, similar to the crossover products described by McDonald 
and Rai (1970) in the progeny of double translocation heterozygotes of Aedes 
aegypti. Even when D. metzii/D. pellewae hybrids are produced occasionally 
in nature, coadaptation of the entire chromosome set of each species leads 
usually to the continued isolation of these sibling species. However, an oppor- 
tunity for limited gene exchange due to crossing over is afforded. Since 
metzii/pellewae hybrid males are sterile, gene exchange must occur through 
backerossing rare hybrid females with males of either parental species, ie. 
through introgression. 

Although Drosophila metzii and D. pellewae are difficult cytological material, 
they present a challenge for the future to discover the extent of karyotype re- 
structuring in each species resulting from introgression in the Darien over- 
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